Searching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 

(11)Publication number : 11-271433 
(43)Date of publication of application : 08.10.1999 



(51)Int.CI. 



G01S 13/34 
G01S 13/44 



(21) Application number : 10-078725 

(22) Date of filing : 26.03.1 998 



(71 Applicant : TOYOTA CENTRAL RES & DEV LAB 
INC 

(72)Inventor : ASANO KOICHI 
OSHIMA SHIGEKI 
HARADA TOMOYASU 
YAMADA NAOYUKI 



(54) RADAR APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a radar apparatus 
which enhances detecting reliability of the distance, 
speed and direction of a target. 
SOLUTION: A transmitting antenna 14 transmits 
frequency modulated waves. Reflected waves from a 
target are received by right and left two channel 
receiving antennas 16a, 16b. A signal processor 20 finds 
the direction of the target by a phase monopulse system 
on the basis of the difference between a right received 
signal and a left received signal. The direction is 
detected at a rise phase and a fall phase in an FMCW 
system. In addition, the signal processor 20 finds the 
distance and the speed of the target by the FMCW 
system. The distance and the speed are detected 
individually on the basis of the received signals in the 
right channel and the left channel. Consequently, one set 
of detection data are obtained for the direction, distance 
and speed. On the basis of a difference in the direction, 
a difference in the distance and a difference in the 

speed, a detected result is judged to be effective when the differences are small. 
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(57) [Abstract] 

[Technical problem] The distance of a target, a rate, and the 
dependability of detection of bearing are improved. 
[Means for Solution] The transmitting antenna 14 transmits a frequency 
modulation wave. The reflected wave from a target is received by the 
receiving antennas 16a and 16b of two right and left. A signal processor 
20 asks for bearing of a target based on the phase contrast of an input 
signal on either side with a phase monopulse system. It has been set to 
the FMCW method, and gets down to it, and bearing detection is performed 
in a phase, respectively. Moreover, a signal processor 20 finds the 
distance and the rate of a target by the FMCW method. Detection of 
distance and a rate is performed according to an individual based on the 
input signal of a channel on either side. Therefore, 1 set of detection 
data are obtained for bearing, distance, and a rate. Based on the 
difference of bearing, the difference of distance, and the difference of 



a rate, when these differences are small, it is judged with a detection 
result being effective. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The radar installation which detects the distance, the rate, 



and bearing of a target combining the FMCW method and phase monopulse 
system which are characterized by providing the following The 
transmitting section which transmits the frequency modulated wave which 
has the rise period slack going-up phase of a frequency, and a slack 
going-down phase between falling phases The receive section which 
receives the reflected wave from a target by the multiple channel About 
detection of target bearing in the phase monopulse system based on the 
received wave of said multiple channel, they are a going-up phase and 
the bearing detecting element which it gets down and is performed by a 
phase being alike, respectively. A judgment means to get down with an 
uphill phase and to judge the effectiveness of a detection result based 
on the detection bearing difference of a phase, and the detection range 
difference and the detection speed difference between said multiple 
channels to be the distance and the speed detector which carries out by 
said multiple channel boiling detection of a going-up phase, the target 
distance in the FMCW method based on [ get down and ] the received wave 
of a phase, and a rate, respectively 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to what performs 
reliable detection by judging the effectiveness of a detection result 
exactly especially about the radar installation which detects the 
distance, the rate, and bearing of a target combining a FMCW method and 
a phase monopulse system. 
[0002] 

[Description of the Prior Art] Conventionally, various radars are used 



in order to detect bearing of a target, distance, and a rate. For 
example, a radar is used also for detection of relative bearing with the 
precedence car in a road, a relative distance, and relative velocity. 
There is a phase mono-pulse radar as one of the radars which detects 
bearing. Moreover, there is a FMCW (frequency modulation continuous 
wave) radar as one of the radars which detects distance and a rate. 
[0003] A [phase mono-pulse radar] phase mono-pulse radar receives the 
reflected wave from a target with two or more receiving antennas. Since 
two or more receiving antennas differ in a location spatially, the 
phases of the reflected wave from the same target differ between 
receiving antennas. Bearing of a target is detectable by detecting this 
phase shift. This phase mono-pulse radar has the merit that bearing is 
detectable, without moving a transmitting antenna and a receiving 
antenna mechanically fundamentally. 

[0004] Reference of drawing 1 sets [ the distance to a target ] bearing 
of L and a target to theta for spacing of R0 and two receiving antennas. 
The distance Rl and R2 from an antenna 1 and an antenna 2 to a target is 
[Equation l]. It is Rl=R0+(L/2) sinthetaR2=R0- (L/2) sintheta. Phase 
contrast deltaphi of the input signal (wavelength: lambda) of two 
receiving antennas is [Equation 2]. It is deltaphi= (L/lambda) 
andsintheta, therefore the bearing theta of a target is [Equation 3]. 
Theta=sin -1 {deltaphi- (lambda/L)} 

It comes out. Thus, it can ask for bearing of a target from the phase 
contrast of an input signal. 

[0005] The [FMCW radar] FMCW radar has performed FM modulation to the 
sending signal of this continuous wave using the continuous wave. 
Drawing 2 shows the principle of the relative distance by the FMCW radar, 
and a relative speed detector. For example, the frequency modulation of 
the transmission wave is carried out by the triangular wave. By this, 
the frequency of a transmission wave repeats increment reduction 
successively. This transmission wave is emitted from a radar, and when 
reflected and received by the target, the frequency of a transmission 
wave and a received wave has relation as shown in drawing 2 (above). 
However, it is the case where the relative velocity of a target is 0. 
Here, propagation delay time tau is time amount until a transmission 
wave is received. And a beat signal ( drawing 2 (below)) with the 
frequency component of the difference of transmit frequencies and 
received frequency is acquired by detecting a received wave based on a 
reference wave (transmission wave). Furthermore, frequency analyses, 
such as FFT, are performed to this beat signal, and that peak is 
extracted as a signal corresponding to a target. And the frequency of 



the peak is used for detection of the distance of a target, and a rate 
as a peak frequency. In addition, in the phase raonopulse system 
described previously, the phase contrast of the peak acquired with two 
or more receiving antennas to the same target is used for bearing 
detection of a target. 

[0006] It is tau=2 R/c, when the relative distance to a target is set to 
R and the velocity of light is set to c. Furthermore, when frequency 
deviation width of face (change width of face of the frequency of a 
reference wave) of fm and FM is set to deltaf for the repeat frequency 
(frequency of the triangular wave in drawing 2 ) of FM, beat frequency 
fr is [Equation 4]. It is expressed with fr=4 R-fm-delta f/c. Therefore, 
if it asks for beat frequency fr from a beat signal, a relative distance 
R will be determined. 

[0007] Drawing 3 (above) shows the relation of the frequency of a 
transmission wave in case the relative velocity of a target is not 0, 
and a received wave. If a target has relative velocity to a radar, the 
frequency of a received wave will shift only the Doppler frequency fd to 
a top or the bottom. The beat signal is shown in drawing 3 (below). In 
the uphill phase period when the frequency of a transmission wave is 
increasing this beat signal, only the Doppler frequency fd was added to 
the beat frequency fr of the target of relative velocity 0. On the other 
hand, the thing to which the frequency of a transmission wave is 
decreasing, getting down and by which only the Doppler frequency fd was 
subtracted from beat frequency fr in the phase period becomes a beat 
signal. Therefore, a doppler shift is called for from the frequency of 
the uphill phase period of this beat signal, and a going-down phase 
period, and the relative velocity of a target is called for after this. 
[0008] That is, the frequencies fbu and fbd of an uphill phase period 
and a beat signal [ in / it gets down and / a phase period ] are 
[Equation 5]. It is fbu=fr+fdfbd=fr-fd. Then, if it asks for frequencies 
fbu and fbd according to an individual from a beat signal, beat 
frequency fr showing a relative distance and the Doppler frequency fd 
showing relative velocity will be called for. 
[0009] 

[Problem (s) to be Solved by the Invention] If an above-mentioned FMCW 
radar and an above-mentioned phase mono-pulse radar are combined, it can 
ask for the distance, the rate, and bearing of a target. In the very 
ideal environment where only a single target exists especially, the 
distance, the rate, and bearing of a target are correctly detectable 
only by combining a FMCW method and a phase monopulse system. 
[0010] However, since the reflected wave from various bodies is 



compounded and received in an actual radar operating environment, it is 
difficult to realize detection of the distance of a reliable target, a 
rate, and bearing only by combining both methods. 

[0011] Considering the case where the precedence vehicle in a road is 
detected, based on the reflected wave of a target slack precedence 
vehicle, the distance, the rate, and bearing of a precedence vehicle are 
detectable. Under the present circumstances, it is necessary to extract 
the reflected wave of a precedence vehicle from a received wave, or to 
sort out. However, in an automobile radar operating environment, two or 
more precedence vehicles exist and bodies, such as trees other than a 
precedence vehicle and a guard rail, exist further. And the reflected 
wave of such various bodies is compounded and received. Therefore, it 
may be difficult the going-up phase from the same target, and to combine 
correctly the reflected wave of the multiple channel from the same 
target, or to get down and to combine the reflected wave of a phase 
correctly. In such a case, to enable it to recognize certainly is 
desired [ that the un-proper detection result which should be used and 
which does not come out has originally been obtained, and ]. 
[0012] This invention is made in view of the above-mentioned technical 
problem, the purpose can distinguish exactly whether the proper 
detection result was obtained, and it is in offering the radar 
installation which can perform reliable detection by this. 
[0013] 

[Means for Solving the Problem] This invention combines a FMCW method 
and a phase monopulse system, (l) The distance of a target, The 
transmitting section which transmits the frequency modulated wave which 
is the radar installation which detects a rate and bearing, and has the 
rise period slack going-up phase of a frequency, and a slack going-down 
phase between falling phases, Detection of the receive section which 
receives the reflected wave from a target by the multiple channel, and 
target bearing in the phase monopulse system based on the received wave 
of said multiple channel A going-up phase and the bearing detecting 
element which it gets down and is performed by a phase being alike, 
respectively, The distance and the speed detector which said multiple 
channel boils detection of a going-up phase, the target distance in the 
FMCW method based on [ get down and ] the received wave of a phase, and 
a rate, respectively, and performs it, It is characterized by including 
a judgment means to get down with an uphill phase and to judge the 
effectiveness of a detection result based on the detection bearing 
difference of a phase, and the detection range difference and the 
detection speed difference between said multiple channels. 



[0014] According to this invention, the bearing detection based on a 
phase monopulse system gets down with the going-up phase of a FMCW 
method, and is performed in each phase. Moreover, the distance and speed 
detection based on a FMCW method are performed using each signal of two 
or more receiving channels. 

[0015] Here, in an EQC, that it is near goes up [ bearing / for which 
went up and got down with the phase monopulse system, and it asked in 
the phase ], in case distance and a rate are detected based on a FMCW 
method, and it gets down and means that the combination of the peak in a 
phase is right. Similarly, it means that that it is near has [ rate / 
which were found by the multiple channel by the FMCW method / the 
distance and the rate ] the right combination of the peak in a multiple 
channel in an EQC in case a phase monopulse system detects bearing. 
[0016] Then, based on the difference of distance, a rate, and the 
detection value of bearing, the effectiveness of a detection result is 
judged by the judgment means. If the difference of a detection value is 
small, since the detection result is obtained from the combination of a 
proper peak, therefore the exact detection result is obtained, such a 
detection result is confirmed. 

[0017] For example, if the difference of distance, a rate, and the 
detection value of bearing is below a predetermined decision-criterion 
value, respectively, it can be judged that a detection result is 
effective. It is also suitable to search for detection reliability from 
the difference of a detection value, and to judge effectiveness based on 
reliability so that it may mention later. 

[0018] Thus, using the FMCW method and the phase monopulse system being 
unified, using a mutual method, it goes up, and it gets down and, 
according to this invention, can check whether the effective detection 
result based on the right peak combination during a phase and between 
two or more channels is obtained. Detection of a reliable distance, a 
rate, and bearing is attained by checking going up of a FMCW method and 
that get down, ask for bearing in each phase, find distance and a rate 
by each multiple channel of a phase monopulse system, compare those 
values mutually, and the big difference has not arisen. 
[0019] (2) Include the dependability calculation means with desirable 
this invention which a radar installation [ like ] gets down with an 
uphill phase 1 voice, and searches for the reliability of a detection 
result based on the detection bearing difference of a phase, and the 
detection range difference and the detection speed difference between 
said multiple channels. Said judgment means judges that a detection 
result is effective, when the reliability computed by the dependability 



calculation means exceeds the predetermined decision-criterion value set 
as arbitration. Effectiveness can be judged certainly and exactly using 
the reliability corresponding to a bearing difference, range difference, 
and the speed difference. 

[0020] (3) Moreover, a radar installation contains preferably the 
prediction filter which performs time series processing to detection 
distance, a rate, and bearing. By inputting into a prediction filter 
only the detection result (distance, a rate, and bearing) judged to be 
effective as mentioned above, and performing time series processing, the 
distance of an actual target, a rate, and the true value of bearing can 
be presumed correctly, and can be detected. 
[0021] 

[Embodiment of the Invention] The gestalt (henceforth an operation 
gestalt) of suitable operation of this invention is explained with 
reference to a drawing below the [gestalt 1 of operation]. Drawing 4 
shows the configuration of the FMCW and phase mono-pulse radar equipment 
of the operation gestalt of this invention, and this radar installation 
is for carrying in a car. 

[0022] A voltage controlled oscillator (VC0) 10 functions as a frequency 
modulator. The triangular wave which an electrical potential difference 
fluctuates according to time amount is supplied to this VC010 from the 
control section which is not illustrated. VC010 generates the RF by 
which frequency modulation was carried out by this triangular wave. This 
RF is distributed by the distributor 12 and one of them is sent to the 
transmitting antenna 14. Thus, the RF by which frequency modulation was 
carried out is emitted towards the exterior as an electric wave by the 
triangular wave. 

[0023] The electric wave emitted from the transmitting antenna 14 is 
reflected with a target. All over drawing, two precedence cars are shown 
as targets 1 and 2. A reflective signal is received by the receiving 
antennas 16a and 16b of two right and left. Spatially, only the 
predetermined distance L leaves these two receiving antennas 16a and 16b, 
and they are arranged. And wave detectors 18a and 18b are connected to 
these receiving antennas 16a and 16b, respectively. The RF (sending 
signal) by which frequency modulation was carried out by the triangular 
wave is supplied to wave detectors 18a and 18b as a reference wave from 
the distributor 12. Wave detectors 18a and 18b detect a received wave 
based on a reference wave, and change it into baseband signaling. A beat 
signal with the frequency component of the difference of transmit 
frequencies and received frequency is acquired, and a signal processor 
20 is supplied by the above-mentioned detection processing. 



[0024] In a signal processor 20, the frequency-analysis sections 22a and 
22b perform the frequency analysis of the beat signal acquired from the 
input signal of a left channel and a right channel, respectively, and 
obtain the data about the frequency component of a signal. Here, complex 
[ FFT ] (fast Fourier transform) is performed and the complex amplitude 
(electrical potential difference) of every suitable frequency spacing 
(frequency bin) is called for. In subsequent processings, the number of 
bin is used as an index corresponding to a frequency. The peak detecting 
elements 24a and 24b detect a peak (the number of the frequency bin with 
a peak, and complex amplitude value of the frequency bin) by the left of 
a phase mono-pulse, and each of a right channel based on a frequency- 
analysis result. 

[0025] Drawing 5 (a) and (b) are the examples of the frequency-analysis 
result of a left channel and a right channel, respectively. In a left 
channel, the peaks UL1 and DL1 with the large amplitude are peaks of the 
going-up phase of a target 1, and a going-down phase, respectively. It 
gets down, the frequency of the peak of a phase goes up, and what is 
larger than a phase shows the late (it is approaching) thing more 
relatively [ a target 1 ] than a self-vehicle. Moreover, the peaks UL2 
and DL2 with the small amplitude are peaks of the going-up phase of a 
target 2, and a going-down phase, respectively. It gets down, the 
frequency of the peak of a phase goes up, and what is smaller than a 
phase shows the quick (it is keeping away) thing more relatively [ a 
target 2 ] than a self-vehicle. Similarly, by the right channel, peaks 
UR1 and DR1 are peaks of the going-up phase of a target 1, and a going- 
down phase, respectively. Moreover, peaks UR2 and DR2 are peaks of the 
going-up phase of a target 2, and a going-down phase, respectively. 
[0026] Distance, a rate, and the bearing operation part 26 (only 
henceforth operation part 26) function as the bearing detecting element, 
and distance and a speed detector of this invention, and searches for 
the relative distance, relative velocity, and relative bearing of each 
target using the detected peak. Here, phase mono-pulse processing is 
carried out and bearing of a target is detected. Moreover, FMCW 
processing is carried out and the distance and the rate of a target are 
detected. 

[0027] As explained using drawing 1 , bearing is called for from the 
phase contrast by comparing the phase of the signal received with two 
receiving antennas 16a and 16b. Azimuth theta is [ phase contrast / of 
two received waves ] lambda, then [Equation 6] about the wavelength of L 
and an electric wave in the distance of deltaphi and two receiving 
antennas. Theta=sin -1 {deltaphi- (lambda/L)} 



It is come out and expressed. With this operation gestalt, bearing is 
called for from the phase contrast of two peaks to which a beat signal 
corresponds. 

[0028] Moreover, as explained using drawing. 2 and drawing 3 , the beat 
signal consists of a component based on delay of the received wave 
according to the distance of a target, and a component based on the 
doppler shift according to the rate of a target. The frequencies fbu and 
fbd of an uphill phase period and beat [ in / it gets down and / a phase 
period ] signal are [Equation 7] when the Doppler frequency which 
expresses fr and relative velocity for the beat frequency showing a 
relative distance is set to fd. It is fbu=fr+fdfbd=fr-fd. Therefore, 
from frequencies fbu and fbd, beat frequency fr and the Doppler 
frequency fd are called for, and a relative distance and relative 
velocity are called for. With this operation gestalt, distance and a 
rate are found based on the bin number of the peak to which it goes up, 
and it gets down and a phase corresponds. This bin number is equivalent 
to the frequency which that peak has. 

[0029] Bearing of a target, distance, and a rate are found by the phase 
monopulse system and the FMCW method as mentioned above. However, with 
this operation gestalt, a radar installation is carried in a car and 
used in the road. In such a radar operating environment, two or more 
targets (precedence vehicle) exist, and bodies, such as trees other than 
a target and a guard rail, exist further. The reflected wave of various 
bodies is compounded and received by the radar. Therefore, many peaks 
other than the peak shown in drawing 5 exist further in fact. Therefore, 
the peak of the multiple channel from the same target may be combined 
correctly, or the going-up phase from the same target and the un-proper 
data which should get down, and may be unable to combine the peak of a 
phase correctly, consequently should be essentially made an invalid may 
be obtained. So, in this invention, as it is the following, it judges 
whether proper data are obtained. 

[0030] With this operation gestalt, bearing is called for with a phase 
monopulse system about each of an uphill phase and a going-down phase by 
operation part 26. Moreover, distance and a rate are found by the FMCW 
method about each of a left channel and a right channel. Thereby, it 
goes up, right-and-left both channels get down, and 1 set of bearings, 1 
set of distance, and 1 set of rates are found from the same target using 
four peaks of a phase. 

[0031] The effectiveness decision section 28 compares two or more above- 
mentioned detection results, and judges the effectiveness of a detection 
result. This effectiveness decision section 28 judges that a detection 



result is effective, when a detection result fulfills the two following 
conditions both. 

[0032] (1) "bearing difference" is below a predetermined decision- 
criterion value ("bearing difference": difference of bearing which got 
down with the uphill phase and was detected by each of a phase). 
(2) "range difference" and the "speed difference" are below 
predetermined decision-criterion values ("range difference" and "speed 
difference": the difference of the distance detected by each of a right 
channel and a left channel, and difference of a rate). 
Reference of drawing 5 sets to theta (DL1, DR1) bearing for which set to 
theta (UL1, URl) bearing for which it asked from the peak pair (UL1, 
UR1) of an uphill phase, and got down from it about one target, and it 
asked from the peak pair (DL1, DR1) of a phase. Furthermore, the 
distance and the rate which were found from the peak (UL1, DL1) of a 
left channel are set to R (UL1, DL1) and v (UL1, DL1), respectively. 
Moreover, the distance and the rate which were found from the peak (URl, 
DR1) of a right channel are set to R (URl, DR1) and v (URl, DR1). It is 
as follows when the conditions of the above (1) and (2) are expressed 
with a formula in that case. When these formulas are materialized, the 
selected peak pair is judged to be the right. 
[0033] 

[Equation 8] 

| the data judged to be effective in the theta (UL1, URl) -theta (DL1, DRl) 
|<= decision-criterion value |R(UL1, DL1)-R(UR1, DRl) |<= decision- 
criterion value |v(ULl, DLl)-v(URl, DRl) |<= decision-criterion value 
effectiveness decision section 28 — for example It is used for the 
automatic-tracking control to a precedence car. Effective data are used 
for a tracking control as it is. Moreover, when effective data are not 
obtained, changing pairing is also considered until effective data are 
obtained. Even if it changes pairing, when effective data are not 
obtained, invalid data are rejected and are not used for a tracking 
control. It is desirable to perform presumed processing suitable instead 
of and interpolation processing of invalid data, and to presume the 
distance, the current rate, and current bearing of a target using the 
past detection result. 

[0034] In the above, the radar installation of this operation gestalt 
was explained. With this operation gestalt, detection bearing of a phase 
monopulse system gets down with the going-up phase in a FMCW method, and 
is called for in a phase, respectively. Moreover, the detection distance 
of a FMCW method and a detection rate are found from the signal of a 
receiving channel on either side, respectively. 



[0035] It goes up that going up and 1 set of bearings for which it got 
down and asked in the phase are almost equal, in case distance and a 
rate are detected based on a FMCW method, and it gets down and means 
that the combination of the peak in a phase was right. That similarly 
the distance and the rate which were found by the right-and-left channel 
are almost equal means that the combination of the peak in a right-and- 
left channel was right, in case bearing is detected based on a phase 
monopulse system. 

[0036] Then, since it is expected that it is thought that the 
combination of a peak was right and exact data are obtained when the 
difference of distance and a rate is below a decision-criterion value 
and the difference of bearing is below a decision-criterion value, it is 
judged with a detection result being effective. 

[0037] Thus, according to this invention, going up of a FMCW method and 
1 set [ as opposed to / get down and / that it is also at the right-and- 
left channel of a phase and a phase monopulse system / the same target ] 
of bearings, distance, and a rate are found, those values are compared 
mutually, and detection of a reliable distance, a rate, and bearing is 
attained by checking that the bigger difference than a predetermined 
decision-criterion value has not arisen. 

[0038] In addition, the distance of this operation gestalt, the rate, 
and the decision-criterion value of bearing are beforehand decided to be 
suitable values. It is suitable for a decision-criterion value to set up 
in consideration of detection dispersion when the combination of the 
peak of the same target is performed correctly. For example, a decision- 
criterion value can be set as the standard magnitude of dispersion, or 
can be set as the maximum of dispersion. A decision-criterion value may 
be set up based on an experimental result or experience. 
[0039] The 2nd operation gestalt of this invention is explained with 
reference to the [gestalt 2 of operation], next drawing 6 . The 
effectiveness of a detection result is judged by the comparison of two 
or more distance, a rate, and bearing with this operation gestalt as 
well as the operation gestalt 1. However, with the operation gestalt 2, 
the reliability of detection data is searched for and the effectiveness 
of detection data is judged by the comparison of two or more detection 
results from this reliability. And effective data are inputted into a 
prediction filter and prediction filtering of data is performed with 
this prediction filter. Thus, improvement in the distance of a target, 
measure, and the dependability of detection of bearing is achieved 
further. 

[0040] In drawing 6 , the same sign is given to the same component as 



the configuration of the operation gestalt 1 of drawing 4 , and 
explanation of these components is omitted. Distance, a rate, and the 
bearing operation part 26 find 1 set of bearings, 1 set of distance, and 
1 set of rates from the same target like the operation gestalt 1 using 
four peaks of the going-up phase of right-and-left both channels, and a 
going-down phase. 

[0041] The reliability operation part 32 is formed in the signal 
processor 30 of this operation gestalt at the preceding paragraph of the 
effectiveness decision section 34. The reliability operation part 32 
searches for the reliability RE of the detection data calculated by the 
above-mentioned operation part 26, and searches for reliability RE based 
on the following detection data difference. 

[0042] (1) — the difference (the operation gestalt 1 — the same) of 
bearing which it got down with the "bearing difference" : going-up phase, 
and the phase came out, respectively, and was detected 
(— the difference of the distance which 2) "range difference" and the 
"rate" bright channel, and the left channel came out, respectively, and 
was detected, and the difference (the operation gestalt 1 — the same) 
of a rate 

Here, reliability RE is calculated for example, by the bottom type. 
[0043] 

[Equation 9] REr=l-|R10-R20| / R00 (however, in the case of REr<0, it is 
made into 0. ) 

REv=l-|vl-v2| / v0 (however, in the case of REv<0, it is made into 0.) 
REtheta=l-|thetal-theta2| / theta 0 (however, in the case of REtheta<0, 
it is made into 0. ) 

REr, REv, and REtheta are distance, a rate, and the reliability of 
bearing, respectively. R10 and R20 are the values of 1 set of detection 
distance, and R00 is a reliability valuation-basis value for distance. 
Similarly, vl and v2 are the values of 1 set of detection rates, and vO 
is a reliability valuation-basis value for rates, thetal and theta2 are 
the values of 1 set of detection bearings, and theta 0 is a reliability 
valuation-basis value for bearings. The above-mentioned values of R00, 
vO, and thetaO differ for detection, for example, can be made into about 
several times of the detection precision of equipment. 
[0044] The effectiveness decision section 34 judges the effectiveness of 
a detection result based on the above-mentioned reliability REr and REv 
and REtheta. (1) For example, set up the thresholds RErO and REvO of 
reliability, and REthetaO according to the individual for every 
candidate for detection. And when all of reliability REr and REv and 
REtheta are more than thresholds, it is judged that a detection result 



is effective. Thresholds RErO and REvO and REthetaO may be the same, and 
they may differ. (2) Or let the product of reliability REr and REv and 
REtheta be the whole reliability RE. The effectiveness of a detection 
result is judged at once by measuring this whole reliability with the 
predetermined threshold reliability REO. That is, when the with a 
threshold reliability [ RE ] of zero or more whole reliability RE is 
acquired, it is judged that a detection result is effective. 
[0045] With this operation gestalt, the prediction filter 36 is formed 
in the signal processor 30. The prediction filters 36 are a Kalman 
filter, alpha-beta filter, etc. Only the detection result which the 
effectiveness decision section 34 judged to be effective is inputted 
into the prediction filter 36. With the prediction filter 36, prediction 
filtering based on this effective data is performed. Smoothing of a 
detection result is performed in prediction filtering. Using prediction 
location data and measuring-point data, the location and rate which were 
graduated are found and the graduated data are outputted as target 
information. 

[0046] In the above, the radar installation of the operation gestalt 2 
was explained. Also in the operation gestalt 2, like the operation 
gestalt 1, 1 set of bearings, 1 set of distance, and 1 set of rates are 
found, and a judgment of the effectiveness of detection data is made 
based on a bearing difference, range difference, and the speed 
difference, and when the value of a difference is small, it is judged 
with detection data being effective. Detection of a reliable distance, a 
rate, and bearing is attained by performing the above reliability 
operations, effectiveness decision of the detection result based on the 
result of an operation, and prediction filtering only using a still more 
effective detection result especially. 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the principle of a phase mono-pulse 
radar. 

[Drawing 2] It is drawing showing the principle of a FMCW radar. 
[Drawing 3] It is drawing showing the principle of a FMCW radar. 
[Drawing 4] It is drawing showing the configuration of the 1st operation 
gestalt of this invention. 

[Drawing 5] It is drawing showing the frequency-analysis result of the 
input signal of the left channel of the equipment of drawing 4 , and a 
right channel. 

[Drawing 6] It is drawing showing the configuration of the 2nd operation 
gestalt of this invention. 
[Description of Notations] 

10 A voltage controlled oscillator (VCO), 14 A transmitting antenna, 16a, 
16b Receiving antenna, 18a, 18b A wave detector, 20 A signal processor, 
22a, 22b frequency-analysis section, 24a, 24b A peak detecting element, 
26 Distance, a rate and bearing operation part, 28 Effectiveness 
decision section. 
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